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Ph.D., filed concurrently with a Supplemental Response, on or about April 1 8, 1 996. 

In paragraph 5 of the Declaration, antibody-producing cells are referred to as being 
deposited with the ATCC under Accession No. BH-1 1786. The Declaration should have 
correctly recited Accession No. HB-1 1786. 
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Bhattacharya-Chatterjee has since confirmed that the Accession No. should have been recited 
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Sunil K. Chatterjee, Ph.D., for the sequence determination and analysis described in his own 
37 CFR § 1.132 Declaration, also filed in this case. 



Respectfully submitted, 




J. Micttael Schiff 
Registration No. 40,253 



MORRISON & FOERSTER 
755 Page Mill Road 
Palo Alto, CA 94304-1018 
(415) 813-5600 
Fax: (415)494-0792 



June 26, 1996 



pa-l 12078 



2 



FROM MORRISJDN & FOERSTER LLP 



(WED) 6.26*96 1 4 : 2 2/ST. 1 4 : 1 7/NO. 3 76 042705 9 P 14 




United States Patent m 



et al« 



[54] MONOCLONAL ANTIBODIES AGAINST 
MELANOMA-ASSOCIATED ANTIGENS AND 
HYBRID CELL LINES PRODUCING THESE 
ANTIBODIES 



P5] Inventors; Jan Ttmrin, Philadelphia; Hilary 

Kfiprowiki* Meenhard' Herlyn. both 
of Wynoowood; Zeacn Steplcwsld, 
Malvern* all of Fa. 

[73] Assignee: Tbfi Wlstar Institute, Philadelphia, 

Pa. 

pi] AppLNo.: 14902 

[22] Filed; Peb. 20, 1987 

[51] Int a* A61X 39/395; C12N 15/00; 

C07K 13/04 

[52] VS. O 530/387; 530/389; 

530/8D6; 530/828; 424/83,0; 435/61; 
435/172.2; 435/ 1 72.3; 43 5/240.27 

[58] Field of Search - ~ 530/387, 388, 389, 391, 

330/806, 828; 424/85, 85.8; 435/68, 172.2, 

240.27, 240.26 

[56] Reference! Cited 

U.S. PATENT DOCUMENTS 

4,172.124 10/1979 Koprowdri ei al . 

4,444,744 4/1964 Goldcabcrg 424/63 

4,507,391 5/1983 Pukcl et aL 435/68 

4,562.160 12/1985 Rail et aL 530/389 

4,590,071 5/1986. Souaoa et aL 530/391 

4,591,572 5/I9B6 .MaOesetaL 424/85 

4,649.115 3/1987 Sa£u 'et aL . 

4,675,287 &/19B7 Rek&IdetiL 530/387 

4,693,966 9/1967 Houghton et al 530/387 

FOREIGN PATENT DOCUMENTS 
86/00909 VI9B6 PCT Inrt Appl. . 

OTHER PUBLICATIONS 

Pukd et aL, J. E*p, Med. 155, U3*-47, (19 82]. 
Dtppold et aU Cancer Res., 45, 3699*705, (1985). 
CheresKct aJ. f Cancer Re*., 46, 5112-18, (Oct. 1986). 
Kaloli ct al„ Cancer Res., 46, 4] 16-20, (1986, Aug.). 
Monro. Nature, 312. 597. (1984). 
Sun et al, Hybridoma, 5(51), 517-20, 1986. 
Spua ei aL, J. ImnL Met. 74, 307-15, (1984). 
Steplewaki et aL, PNAS (U.S.A.), 82, 8653-7, (1985). 
Chcreah et al., PNAS (U.SJL), 81, 5767-71, (1984). 

Kundu et al., Bioch. fiiophys. Res. Comm., 116(3), 

M6-42, (1983). 

Chcrcsh et al., PNAS, 82, 5155-9, (19B5). 



[11] Patent Number 
[45] Date of Patent: 



4,849,509 

Jul. 18, 1989 



Houghton et al.. PNAS (U.S-A-), 82. 1242-6. (1985). 
Hcllnrora ct aL, PNAS (U.S.A.), 82, 1499-1502, (1985). 
Thurin et al., J. BioL Cham., 260 (27), 14536-63, (1985). 
Localization of the Qangliosidea GD2 and GD3 in Ad- 
hesion Plaques and on the Surface of Human Melanoma 
Cells, Chcrcsh, Harper, Scania & Reufeld, Proc. Nad. 
Acad, Sci., U.S.A.. voL 51, pp, 5767-5771, Sep. 1984, 
Cell Biology. 

Strong Antitumor Activities of IgGj Antibodies to a 

Human Melanoma- Associated Ganglioside, HeUstrom, 

Brankovan and Hellstrom, Department of Microbiol- 
ogy and Immunology, University of Washington, Scab 
de, Wash., Proc. Natl. Acad. 5cL, U.S.A., vol. 82, pp. 
1499-1502, Mar. 1965, Immunology. 
GDj, A Prominent Gangliojide of Human Melano- 
ma — Detection and Characterization by Mouse Mono- 
clonal Antibody, Pukcl, Lloyd, Travassos, Dippold. 
Oettgen £ Old, Memorial Staan-KeUerag Cancer Cen- 
ter, New York, J. Exp. Med. Vol. 155, Apr, 1982. 
A Monoclonal Antibody Recognizes an O-Acylated 
Sialic Acid in a Human Melanoma-Associated Ganglio- 
alde, Cberesh, Varkl, Stallcup, Levine & ReMeld, The 
Journal of Biological Chemistry, voL 295, No. 12, Issue 

of Jun. 25, pp. 7453-7459, 1984. 
Identificaii&n of a Human Neuroaetodermal Tumor Anti- 
gen (OFA-I-2) as Ganglhstdt GDI* Leslie D- Cahan et 

aL. Proc. NatL Acad. Sci., vol. 79, pp. 7629-7633, Dec., 

1982. 

Human Antibody to OFA-I, a Tumor Antigen, Pro- 
duea in vitro by Epstein -Barr Virtu-Transformed 
Human B-Lymphoid Cdl tines, Reiko F. Irie et al., 
Proc. NatL Acad. ScL, U.S. A., vol. 79. pp. 5666-5670, 
Sep., 1982. 

Detection of Gangllaside GDi in Tumor Tissues and Sera 
of Neuroblastoma Patients. Gregor Schule et al., Cancer 
Research, 44, 5914-5920, Dec. 1984. 

Primary Examiner — Margaret Moskowib 

Assistant Examine*— Jeff P Kushao 

Attorney, Agent, or Firm — Banner, Birch, McKic & 

Beckett 



157] 



ABSTRACT 



The present invention is directed to monoclonal anti- 
bodies, and hybridoma* which produce them, which are 
reactive with ganglioaidc antigens GD2 and GD3 and 

are essentially non-reactive with other g&nglioside anti- 
gens. The invention further relates to mot ho da of using 

these antibodies. 

5 Claims, 3 Drawing Sheets 
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MONOCLONAL ANTIBODIES AGAINST 
MELANOMA-ASSOCIATED ANTIGENS AND 
HYBRID CELL LINES PRODUCING THESE 

ANTIBODIES 

BACKGROUND OF THE INVENTION 
1. Field or the Invention 



SUMMARY OF THE INVENTION 

II is an object of the present invention to provide a 
monoclonal antibody thai ii capable of reacting with 
both GD2 and GD3. for purposes of effective diagnosis 
and therapy of neoplastic disease expressing these anti- 
gen*. . 

Another object of the present invention is to produce 



1. Field of the Invention moaoclonal antibodies that are capable of reacting with 

ThU iavention » directed to monoclonal antibodies l0 gftngliMide ^lecu GDI and GDJ, but show much 

against ganglioside antigens associated with melanoma. msXBf reactivity towaids GDI than OD3 and essea- 

hybrid cell lines producing these antibodies and racth- „ ~*~~\i**iAm antirmt curb 



ods of using these monoclonal antibodies 

2. Description of the Background Art 

Ganglioiidej are ■ major clan of carbohydrate -rich 15 
glycolipids of extremely large sixe and complexity. 
Gangliosides are usually found on tha outer surface of 
cell membranes, especially among the cells of the ner- 
vous system. It has been suggested that gangliosides 



tially no reactivity with other ganglioside antigens such 
aa GQ lb. 

It it another object of the present Invention to pro- 
vide methods for the in vitro and in vivo diagnosis of 
malignancies using monoclonal antibodies which react 
with ganglioside antigens GD2 and GD3. 

Still another object of the invention is to provide 
methods for suppressing malignant disease in an animal 



may function as membrane receptors for growth fac- » usm labeled or therapeutically labeled monoclonal 

* l— M » -—A .dlnuinn vni-iUonlr« Tn recent .•■ >• i_ ■ 1 » . -il —-~\;~~:a~ n.hnoup r.m 



ton, hormones, and adhesion molecules. In ieccnt 
years, the possible role of gangliosides as tumor markers 
has received considerable attention. As a result, investi- 
gators have produced monoclonal antibodies which 



antibodies which reset with ganglioside antigens GD2 
and GD3* 

The present invention thus relates to new monoclonal 
antibodies specific for ganglioside antigens GD2 and 



1 unvw — — — ttBVlDUUlCS »pHWJ*V 1UI jBUjuum«« o-—* 

ically react with ganglioeidea on the surface of 25 but are essentially non-reactive with other gangli- 



human melanoma (Cheresh, et al., Proceedings of the 
National Academy of Sciences, U.S. A.. 82:5155, 1985; 
Cheresh, et al., Proceedings of the Notional Academy of 

Sciences. U.SjL. 81:57*7, 1984; Pukel. et al. Journal of 

Experimental Medicine. 133:1133, 1982; Cbcreah, ct al* 30 
Journal of Biological Chtmistty 259:7453, 198a). neuro- 
blastoma (Schulz, et al., Cancer Research, 44;39H I 
1984), and colon carcinoma (Koprowski, et aL, Somatic 
Cell Generics, 3:937-972, 1979). Several recent studies 
have pointed to ganglioside antigen GD3 as being a 

potential target for immunotherapy in human melanoma 
(Hellstrom. et aL, Proceedings of the National Academy 
of Sciences. U.S.A., 82:1499, 1985). Previous studies had 



35 



oaidc antigens such as GQ lb. The invention further 
includes hybrid cell lines which produce these antibod- 
ies as well as methods of using and processes of prepar- 
ing these monoclonal antibodies. 
The ability to react with both gangliosides while at 

the same lime remaining essentially non-reactive with 

gangliosides such as GQ lb which is present in normal 
fibroblasts, is very significant in terms of the detection 
of these antigens and the inununatherapeutic use of 
these monoclonal antibodies. Since tumors vary with 

respect to their expressions of GD2 and GD3, that is, 
some tumors express only one or the other of these 
ganglioside antigens whereas other tumors express 



identified ganhsodie antigen GD2 as another raelano- both, the abiUi^ to react with both of these antigens b of 

. • l- i i : n- *ko /\rti*r hanrl fhA fart 



ma-associated antigen. 

Although ganglioside antigens are present in central 

nervous tissue, GD2 is greatly enriched in melanoma, 

brain tumors, neuroblastoma, small cell carcinoma of 



obvious clinical importance. On the other hand, the fact 
that the monoclonal antibodies in one embodiment of 

the invention are preferentially reactive with ganglio- 
side antigen GDI is important since GDI. uoKlce CD3 



IHOUl HIII'VJ* ■wuwwuHKvum, — ■ — — • 1 ■ - — — ~~ •UtlgWia -wfcr— | 

the lung and other tumors of neuroectodermal origin. 45 which is also present in normal skin, is found much less 

m. «^ «i . j i » —£ m.^I'iamiIi m i^i 1 TV • i u iki> ntrmnrlrtnol fintl- 



frcqucntly on normal tissue. T>ius, the monoclonal ahti- 

bodies of the invention demonstrate a level of specific- 
ity for malignant tissue heretofore not seen. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 Graph showing the reactivity of monoclonal 
antibody ME 361-SZa (ATCC HB 9326) and ME 361 
(ATCC HB 9325) to serially diluted ganglioside anti- 
gens. 

Filled circles and squares indicate GD2 and GD3 
gangliosides, respectively, detected with monoclonal 
antibody of IgG2a (ME 361-S2a) isotypc and open cir- 
cles and squares with IgQ3 (ME 361) isotype. The filled 

a u.*i~. ^ - triangle indicates reactivity with gangliosides GM4 t 

excised. Since the survival rate of malignant melanoma to GM3. GM2, GM1, GDla. GDlb. GTla. GQlb, and 
is inversely related to the level of invasion of the host disialoparagloboside (inKNeuAchnLcaCer) as de- 
tissue present clinical strategy has no choice but to tected with both IgG2a and IgG3 isotypea. 
resort to surgery. However, in advanced stages the FIG. 2. 

increased dia«minalion nf the tumor creates a situation (A) Thin layer chromatography of total ganglioside 

in which surgical excision is much less likely to he sue- 45 fractions. from Wiitar melanoma (WM) cell cultures: (I) 

cessful Consequently, this results in a greatly reduced WM 75, (2) WM 373, (3) WM 1 15, (4) WM 2664, (5) 
prognosis for those patients having advanced maiignan- WM 239-A. (6) WM 1 65- 1. (7) WM 278. (8) WM 46, (9) 
^ s WM 164, (10) WM 9, and (11) SIC MEL 23. 



Studies on the development of these ganglioside antt 

gens indicate tbat GD3 is a precursor of GD2 and that 
the distribution of GD2 and GD3 in various melanomas 
varies depending upon the severity of - the disease. In 
general, ganglioside antigen GD2 occurs primariliy in ^ 
advanced primary and metastatic melanoma and is 
rarely present in normal tissue. 

At present the method of choice far the treatment of 
melanoma and other tumors bearing ganglioside anti- 
gens GD2 and GD3 involves excision of the involved 55 
malignant tissue. Unfortunately, in advanced stages the 

accompanying deep tissue invasion by the tumor makes 

this approach much more difficult due to the increase in 
surgical trauma and the amount of tissue that may be 
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(B) Airtoradiogram. developed for 20 hours, of the epiropic determine Thu,, by antibedtes to th« 
same fractions as in (A) above, epitopic determinants on a monoclonal antibody it is 

(C) Autoradiogpun, develop ed ror 20 hours, of the possible to identify other hybndomaa expressing mono- 
same fractions as in (A) treated with 0.1M KOH in clonal antibodies of the same epitopic specificity. In 
methanol- All fractions were diluted relative to the 5 antibodies, these idiotypic determinants are present in 
protein content of the extracted cells and correspond to the hypcrvariaolc region which binds to a given epi- 
ipproximately 50 ug of ganglioside/lane, tope. 

FIG X Chart showing binding of monoclonal anti- The present Invention u> directed to monoclonal anti- 
body ME 361 of gamma-3 isotype (ME 361] to serum- bodies, and nybridomas which produce them, which are 
free culture supernatant* of the indicated ceU t>T»efi. The 10 reactive with ganglioaide antigens GD2 and GD3 and 
cell cultures wire grouped according to the type of are essentially non-reactive with other ganglioside anti- 
lesion from which they were derived: radial growth gem. It can easily be determined whether a monoclonal 
phase melanoma (RGP), vertical growth phase mcla- antibody has the requisite specificity by performing an 
noma (VGP) and metastatic melanoma (MET) antigen binding immunoassay such as the ELIS A and 

15 RIA described in Example 2 infra. 
DESCRIPTION OF THE PREFERRED Alternatively, since the inventors have charactcriied 

EMBODIMENTS u e pitopjc moiety to which monoclonal antibodies 

The present invention relates to monoclonal antibod- having the specificity of those of the invention react, it 

jes with specificity for antigens indicative or melanoma is now a matter of routine skill to produce more hy- 

u well as other tumors such as for example, bcain tu- 20 bridomafl secret bg monoclonal antibodies of identical 

mors, neuroblastoma, small cell carcinoma of the lung epitopic specificity, The saccharide portion of the pun- 

and, generally, any tumor of neuroectodermal origin. tied GD-2 ganglioside. which binds the monoclonal 

These monoclonal antibodies are highly useful for both antibodies of the invention, can be purified from the 

the in vitro and in vivo immunological detection of major portion of GD-2 by such techniques as ozonolysis 

ganglioside antigens commonly associated with these 25 (Sabesan, et al., Canadian Journal of Chemistry. 62: 

tumors and for the immunotherapy Df tumors bearing 1034, 1984) or by specific enzymatic hydrolysis as wtfb 

these ganglioride antigens. endoglycercK^ramidnse (Ito, et al. Journal ofBiolagical 

The general method used for production of hy- Chemistry, 261; H278, 1986). TW, additional Uy- 

bridomas secreting monoclonal antibodies is well bridonus secreting monoclonal antibodies having the 

known to those or ordinary skill in the art Illustrative 30 apedficity of monoclonal antibodies produced by cell 

of the techniques utilized in the present invention are lines ME 361 (ATCC HD 9325) and ME 361-S2a 

those described in Proceedings of the National Academy (ATCC HB 9326) can be produced for example, by 

Of Science. USA, 75: 3403, (1978) and KoprowsJd, U.S. coupling this epitope to an inert or immunogenic carrier 

Pat. No. 4,172.124 entitled "Method of Producing molecule, such as KLH. to present the epitope in immu- 
Tumor Antibodies." 55 nogenic form. (Hudson A Hay, Practical Immunology, p. 

Briefly, BALB/mice were immunized with cultured 5-8, Blaclwcll Scientific Publications, 1980). In the 

metastatic melanoma cells (SK MEL 23) and later manner, animals can be first immunized with whole 

boosted with the same cell line. After three days, the malignant cells for initial sensitization followed by the 
animals were sacrificed and the spleen cells were fused epitope conjugate, or purified antigen alone, in the 
with the 653 variant of mouse myeloma P3X63 Ag8. 40 booster inunuruxation to stimulate outgrowth of the 
The resulting hybridomas were screened for production preferred B-cell clones. In so doing, it is possible to 
of monoclonal antibodies and tested for specificity using greatly restrict the repertoire of responder B-cell clones 
various melanoma and cancer cell cultures. In addition, which are present for hybridoma fusion and thereby 
a class-switch variant was produced and isolated using avoid undue experimentation in isolating hybridornas of 
known techniques (Stcplewski, et al, Proceedings of the 45 the desired specificity. After fusion, the hybridomas are 
National Academy of Sciences. U.SjL, 82: 8653, 1985). screened using the epitope and free carrier to select 
The isolation of other hybridomas screening mono- those clones producing monoclonal antibodies which 

clonal antibodies with the specificity of the monoclonal are specific for this epitope. 

antibodies of the invention can be accomplished by one While the use of a foreign donor monoclonal anti- 

of ordinary skill in the an by the technique ofanti-taio- 50 body of one species in a second recipient species is 

typie screening (Potocnjak, ei aL, Science. 215:1637. usually not a factor in in vivo immunotherapy or immu- 

!9W). Briefly, an anti-idiotypic antibody is an antibody nodiagnosis, a potential problem which may arise is the 

which recognizes unique determinants present on the occurrence of an advene immunological response by 

antibody produced by the hybridoma of interest. The the host to antigenic determinants present on (he donor 

anti-idiorypic antibody is prepared by immunizing an 53 antibody, in some instances, this adverse response can 

animal, as was as the source of the monoclonal be so severe as to curtail the in vivo use of the donor 

antibody, with the monoclonal antibody of interest. The antibody in the host. Further, ihis adverse host response 

animal immunized will recognize and respond to the may serve to hinder the nialignancystir^re^rng efficacy 

idiotypic determinants of the immunizing antibody by of the donor antibody. One way in which it is possible 

producing an antibody to these idiotypic determinants* 60 to circumvent the likelihood of an adverse immune 

By using the antibodies of the second animal, which are response occurmg in the boat is by using chimeric anth 

specific for the monoclonal antibodies produced by a bodies (Sun, et al., HYBRIDOMA. 5(Supplement 1): 

single hybridoma, it is now possible to identify other 517, 1986; Oi. et al- Bio Techniques. 4(3); 214, 1986). 

clones with exactly the same idiotype as the antibody of Chimeric antibodies are antibodies in which the various 

the nyoridoma used for immunization. Idiotypic iden- 65 domains or the antibody heavy and light chains are 

tity between monoclonal antibodies of two hybridomas coded for by DNA from more than one species. Typi- 

demonstrates that the two monoclonal antibodies arc cally, a chimeric antibody wiU comprise die variable 

the same with respect to their recognition of the same domains of the heavy (V#) and light (V£) chains de- 
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rived from the donor species producing the antibody of There are many carriers to which the monoclonal 

desirable antigenic specificity and the conatanl antibody antibodies of the invention can be bound and which can 

domains of the heavy (C*) and light (Cl) chains de- be used in detecting the presence of raelanoma- 

rived from the host recipient ipcdes. It u believed that associated antigen. Well-known carries include glass, 
by reducing the exposure of the host immune system 10 5 polystyrene, polypropylene, polyethylene, destran, 
the antigenic determinants on the door antibody do- nylon, amylases, natural and modified celluloses, poly- 
mains the possibility of an advene immunological rc- acrylamidcSp agaroses and magnetite. The nature of the 
spoase oeauing tn the recipient species will he reduced. carrier can be either soluble or insoluble for purposes of 
Thus, fo r example, ii is possible to produce a chimeric the invention. Those skilled in the art will know of 
antibody for in vivo clinical use in humans which oom- 10 other niitablt carriirs for binding monoclonal antibody, 
priaea mouse V// and Vj, domains coded for by DMA or will be able to ascertain such, using routine experi- 
iaolflttdframME36l (ATCCHB9325)orME36l-52a rnentation. 

(ATCC HB 9316) and Ca- and Ct d*wtMin« coded for by There are many different labels and methods of label- 

DNA isolated from a human ccU. ing known to thoac of ordinary skill in the art- Examples 

Under certain circumstances monoclonal sntibodies 15 of the types of labels which can be used in the present 

of one i^o type might be more preferable than Chose of invention include enzymes, radioisotopes* fluorescent 

another in terms of their diagnostic or therapeutic effi- compounds, rhpmiliiminesceni compounds, and biolu- 

cacy. For example, it is known that mouse manctonal minescent compounds. Those of ordinary skill in the art 

antibodies of isotype gamma*2a and gamma-3 axe more will know of other suitable labels for binding to ihe 

effective in inhibiting the growth rumors than is the monoclonal antibody, or win be able lo ascertain such, 

gamma- 1 isotype. This differential efficacy is thought to using routine experimentation. Furthermore, the bind- 

be due to the ability of the gamma-2a and gamma-3 ing of these labels to the monoclonal antibody or ihe 

iaotypes to more actively participate in cytolytic dc- invention can be done using standard techniques com- 

stniction of tumor cells. Particular iaotypes of a mono- man to those of ordinary skill in (he an. 

clonal antibody can be prepared either directly by se- For purposes of the invention, the meianoma- 
lecting from the initial hybridoma fusion or prepared associated antigen which is detected by the monoclonal 
secondarily from a parental hybridoma secreting a men- antibodies of the invention may be present in biological 
clonal antibody of different isotype by using the sib fluids and tissues. Any sample containing a detectable 
aelection technique to isolate class-switch variant*. (Sfte- « amount of melanoma-associated antigen can be used, 
plowski. « al., rtoceritn& of the National Academy of Normally, a sample is a liquid such as urine, saliva, 
Satneex USA, 82:8653. IMS; Spin, et al.. Journal of cerebrospinal fluid, blood, serum and the like, or a solid 
Immunological Methods, 74307, 1984). Thua, the mono- or som-aoltd such as tissues, feces, and the like 
clonal antibodies of the invention would include claav Another technique which may also result in greater 
switch variants having the spee£fidry of monoclonal 3} sensitivity consists of coupling the antibodies to low 
antibody MB361 which is produced by ATCC HB 9325 molecular weight haptens. These haptens can be specul- 
ar ME 36l-S2a which is produced by ATCC HB 9326. cally detected by means or a second reaction. For exam- 

The nxDnckmal and chimeric antibodies of the inven- pic, it is common to use such hapten* «s biotin, which 

tion can be used in any animal in which it is desirable to reacts with avidin, or dinitrophenyl, pyridoxal, and 

administer in vitro or tn vivo immunodingnoiU or ixn- 40 fluoicsceuie, which can react with specific aati-hapten 

munotherapy. The term "animaT as used herein is antibodies. 

meant to include both humans as well as non-humans. As used in this invention, the term "epitope" is meant 

The term "antibody" as used in Una invention is to Include any determinant capable for specific interac- 

meant to include intact molecule as well as fragments tion with the monoclonal antibodies of the invention, 

thereof, such as, for example Fab and Ff.ab'h, which 43 Ephopic determinants usually consist of chemically 

are capable of binding the epitopic determinant active surface groupings or molecules such as amino 

The term "essentially non-reactive'* when used to acids or sugar side chains and usually have specific 

characterize the reactivity between the monoclonal three dimensional structural characteristics, as well as a 

antibodies of the invention and an antigen means that specific charge characteristics. 

any reaction which might occur is huigniflcanx in terms jq In using the monoclonal antibodies of the invention 
of limiting the Hiagwntfir or therapeutic usefulness of for the in vivo detection of antigen, the detectably la- 
the antibodies. beled monoclonal antibody is given in a dose which is 
The monoclonal antibodies of the invention are par- diagnostically effective. The term "diagnosttcally efTec- 
ocularly suited for use in immunoassays in which they tive n means that the amount of detectably labeled 
can be utilized in liquid phase or bound to a solid phase 33 monoclonal antibody is administered in sufficient quan- 
carrier. In addition, the monoclonal antibodies In these tiry to enable detection of the site having the ganglio- 
mimimnnm yi can be detectably labeled ia various side antigens for which the monoclonal antibodies are 
ways. Examples of types of immunoassays which can specific. The concentration of detectably labeled mono- 
utilize the monoclonal antibodies of the invention are clonal antibody which is administered should be sufli- 
competitive and nan-competitive immunoassays in ci- 60 cient that the binding to the tumor site is detectable 
ther a direct or indirect format Examples of such com- compared to the background signal. Further, it is desir- 
mon immunoassays are the radioimmunoauay (RlA) able that the detectably labeled monoclonal antibody be 
and sandwich (immunometrlc) aasay. Detection of the rapidly cleared from the circulatory system in order to 
antigens using the monoclonal antibodies of the inven- give the best tumor-to-background signal ratio, 
tion can be done utilizing immunoassays which are run 65 As a rule, the dosage of detectably labled monoclonal 
in either the forward, reverse, or simultaneous modes. antibody for diagnosis will vary depending on such 

including immunohistochemical assays on physiological factors as age, «a and extent of disease of the lndivid- 

samples, ual. The dosage of monoclonal antibody can vary from 
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aoi mg/kg to 2000 mg/kg. preferably 0.1 mg/kg to 

1000 mg/kg. 

For diagnostic in vivo imaging, the type of detection 
instrument available is a major factor in selecting a 
given radioisotope The radioisotope chosen muss hove 
a type af decay which is detectable for a given type or 
instrument. Still another important factor in selecting 
radioisotope for in vivo diagnosis is Out toe half-life of 
the radioisotope be long enough so that it is stQl detect 



en. The term "biological response modifiers" is meant 
to encompass substances which are involved in modify- 
ing the immune response in such manner as to enhance 

the destruction of the ganglioside bearing rumor for 
which the monoclonal antibodies of the invention as 
specific. Examples of immune response modifiers in- 
clude such compounds as lymphoid nes, Examples of 

lymphokines include tumor necrosis factor, mterieukins 
1, 2, and 3, lymphotoiin, macrophage activating factor. 



able at the time of maximum uptake by the target, but 10 migration inhibition factor, colony stimulating factor 



short enough so that deleterious radiation with respect 
to the host la nummized, Ideally, a radioisotope used for 

in vivo imaging will lack a particle emission, but pro- 
duce a large number of photons In the 140-250 keV 
range, which may be readily detected by conventional 
gamma cameras. 

Fox in vivo Hiagwrwia radioisotopes may be bound to 
nnmunoglobin either directly or indirectly by using an 
intermediate functional group. Intermediate functional 



and interferon. Interferons with which the monoclonal 
antibodies of the invention can be labeled include alpha- 
interfeTorL beta-interferon, and gamma-interferon and 
their subtypes. 

13 In using radioisotopically conjugated monoclonal 
antibodies of the invention for immunotherapy certain 

isotopes may be more preferable than others depending 

on such factors as tumor distribution and mast as well as 

isotope stability and emission. If desired, the tumor 
groups which often are used to bind radioUtopcs which 20 distribution and mass can be evaluated by the in vivo 
exist as metallic ions to immunoglobuu are the btfunc- diagnostic techniques described supra Depending on 
tional chelating agents dicthylenetriamincpentaacetic the type of malignancy present some emitters may be 
acid (DTPA) and ethyleneo^aminetetraacetic acid preferable to others. Jn general, alpha and beta partiele- 
(EDTA). emitting radioisotopes are preferred in immunotherapy. 

The monoclonal antibodies of the invention can also 23 For example, if an animal has solid tumor foci a high 
be labeled with a paramagnetic isotope for purposes of energy beta emitter capable of penetrating several nulli- 
ia vivo diagnosis, as in magnetic resonance imaging meters of tissue, such aa T, may be preferable. On the 
(MRJ) or electron spin resonance (ESR) In general, other hand if the malignancy consists of single target 
any conventional method for visualizing diagnostic cells, as in the case of leukemia, a short range high 
imaging can be used. Usually gamma and position emit- 30 energy alpha emitter such as - 12 Bi may be preferred. 



hag radioisotopes arc used for camera imaging and 

paramagnetic isotopes for NMR. 
The monoclonal antibodies of the invention can be 

used to monitor the course or malignant disease in an 
individual. Thus, by measuring the increase or decrease 35 

in the size or number of malignant sites, or changes in 
the concentration of antigen shed into various body 
fluids, it would be possible to determine whether a 
particular therapeutic regimen aimed at ameliorating 
the malignancy is effective. 

The monoclonal antibodies of the invention can also 
be used, alone or in combination with effecmr cells 
(DouDlard, et al, Hybridcm* 5 (Supp. l>. SI 39, 1986), 
for ixninnnoiherapy in an animal having a tumor which 



Examples of radioisotopes which can be bound to the 

monoclonal antibodies of the invention for therapeutic 

purposes are USJ, mi, »Y f 67c, ™Bi, ill At, 2,a Pb. 

«sc "»Fd and 1M Rt 

Lectins are proteins, usually isolated from plant mate- 
rial, which bind to specific sugar moieties, Many lectins 
are also able no agglutinate cells and stimulate lympho- 
cytes. Rieifl is a toxic lectin which has been used tm- 
munotherapeutically. This is accomplished by binding 
40 the alpha-peptide chain of ricin. which is responsible for 
toxicity, to the antibody molecule to enable site specific 
delivery of the toxic effect. 

Toxins are poisonous substances produced by plants, 
animals, or microorganisms that, in sufficient dose, are 
expresses malign ancy*moctaled gangliotkles with epi- 45 often lethal. Diphtheria toxin is a substance produced 
topes reactive with the monoclonal antibodies of the by Corynebact&ium diphtheriae which can be used in 
invention. When used for immunotherapy, the mono- this manner. This toxin consists of an alpha and beta 

clonal antibodies of the invention may be unlabeled or subunit which under proper conditions can be acpa- 
labeled with a therapeutic agent. These agents can be rated The toxic A component can be bound to antibody 

eouplad sither directly or indirectly to the monoclonal SO and used for utc specific delivery to a tumor expressing 

antibodies of the invention. One example of indirect the ganglioside antigens for which die monoclonal anti- 
coupling is by use of a spacer moiety. These spacer bodies of the invention are specific, 
moieties, in turn, can be either insoluble or soluble (Die- Other therapeutic agents which can be coupled to the 
ncr, ct aL, Scitnce, 231: 148, 1986) and can be selected to monoclonal antibodies of the invention are known, or 
enable drug release from the monoclonal antibody mol- 55 can be easily ascertained, by those of ordinary skill in 
ecule at the target site. Examples of therapeutic agents the an, 

which can be coupled to the monoclonal antibodies of It is also possible to utilize liposomes with the mono- 
the invention for immunotherapy axe drugs, radioiso- clonal antibodies of the invention in their membrane to 
topes, immunomoduiaton, lectins and toxins. specificially deliver the liposome to the area of the 

The drugs which can be conjugated to the mono- 60 tumor expressing ganglioside antigens GD2 or GD3. 



clonal antibodies of the invention include non-proteina- 
ceous as well as proielnaceous drugs. The term "non- 
protexnaceous drugs" encompasses compounds which 
are classically referred to as drugs such as for example, 
mitomycin C, daunorubicin, and vinblastine. 

The protcinacequs drugs with which the monoclonal 
antibodies of the invention can be labeled include irn- 
munomodulatora and other biological response modifi- 



These liposomes can be produced such that they con- 
tain* in addition to the monoclonal antibody, such ixn- 
muaotherapeutic agents as those described above which 
Would then be released at the tumor site (Wolff, et aL, 
65 Biochemicaet Bicphysica Ada, 802: 259, 1984). 

The dosage ranges for the administration of the 
monoclonal antibodies of the invention are those large 
enough to produce the desired effect in which the 
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symptom! of the eugWde expressing tumor ir« as^ 15:1 147. 1985). The origin and ganglicaide content of 

Iterated. The dosage should not be so large as to cause the ceil cultures used are ahown in Table 1. 

advene side effects, such as unwanted cross-reactions, TABLE 1 

anapbylacuc mactions, and the Ike. Generally, the oiuaiN AND OD2 AND GDI CONTENT 

dosage will vary with the age, condition, sex and extent * of SELECTED melanoma cell cultures 

of the disease in the patient and can be determined by pukm* A i C D 

one of skill in the art The dosage can be adjusted by the — _ 

individual physician in the event of any punier indioh ™» (Q r^0D3) " 

bona, immune tolerance or similar conditions, Dosage ^kU- WM 373 WM 266-4 WM 164 5K MEL 23 

can vary from 0.1 mg/kg to 2D00 mg/kg, preferably 0. 1 10 

mg/kg to 2000 mg/kg/dose, in one or more dose admin- (MET) , {CDS) (OD2 + OD3) (GDI) (GTtl + OD3) 
isrxutions dairy, for one or several days, The antibodies 

can be administered parenteral] y by : injection or by Tissues were obtained and prepared u described by 

gradual perfusion over time. The monoclonal antibodies fhunn. ct al. (Journal of Biological Chemistry, 

of the invention can be administered intravenously, " 260:14556, 2985). Lymphocytes and monocytes were 

intraperftooeaUy l Intramuscularly, rubcutaneously, in- obtained from rteparimzed human peripheral blood by 

trusavity, or txansdennally, alone or in combination cutrification on a Ficoll-Hypaque density gradient 

with effector cells: whereafter separation of adherent cells (monocytes) 

Preparations for parenteral administration include ^ non-adherent cells (lymphocytes) using plasma- 
sterile aqiieOUl Or nonaqueous SOlUtlDaS. Suspensions, 20 gelatin coated flasks performed as described by Ste- 
and emulsions. Examples of non-aqueous solvents are pkwski, et aL (Science, 221:865, 1983). Natural Idller 
propylene glycol, polyethylene glycol, vegetable oils ^ WMe rem oved from the monocyte preparations by 
such as olive oil, and injectable organic esters such as treatment with anti-human Leu-1 lb monoclonal anti- 
ethyl oleate. Aqueous carriers include water, alcoholic- body (Becton & Dickinson, Mountain View. CA), using 
/aqueous solutions, emulsions or suspensions, including 23 ft roncerUraii<m of 0 ,3 U g/ml and rabbit complement, 
saline and buffered media. Parenteral vehicles include g jjnmunizariDn snd Production of Hybridomas 
sodium chloride solution, Xinger's dextrose, dextrose BALB/c mice were immunized intraperitoneally 
and sodium eMoode, lactated stinger's, or fixed oils. witn 3 x 1Q ? ^ of metastatic melanoma SK MEL 23 
Intravenous vehicles include fluid and nutrient replca- ^ culture, and boosted intravenously four weeks later 
iahew, etectrolyte replenishes such as those based °n » wim 2xl0 6 daY5 iawri cells were 
Ringer's dextrose, and the like. Preservatives and other fu£cd wjtn ^ o53 variant of mouse melanoma P3X63 
additives may also be present such as, for example, ^ Th c growth, cloning and maintenance or the hy- 
antirnicrobials, anti-oxtdants, chelating agents, and inert bridomas produced was a prescribed by Koprowski, ct 
gases and the Kkc. ^ (Sematic Cell Generics. 5:957, 1979). Monoclonal 

The invention also relates to a method for preparing " anybodies produced by the various hybridomas were 

a medicament or pharmaceutical composition eompns- screened using terum-rree culture lupernatants (Thurin, 

ing. Ihe mnhoclonal antfl»dies of the invention, the ct ttL( j ounia i 0 f Biological Chemistry, 260:14356, 1985) 

medicament being used for therapy of tumors express- from various melanomaB and cancer cell cultures, 

ing the gangtioatde antigens reactive with the mono- Monoclonal antibody was purified as described by Lu- 

clnnal antibodies of the invention. . beck, et aL {Journal of Immunology, 133:1299, 1985). 

Monoclonal antibody can be utilized in the present Hybridoma class-switch variants were produced using 

invention. Me 361 is obtained from, or has the identify- tnc procedures described by Steplewaki, et al. {Proceed- 

kg characteristics of, an antibody obtained from the [n v of ihe National Ace d amy of Sciences. U.SM 82:8653. 

ceU tine having ATCC accession number HB 9323. Me 1985). 

361-S2& is obtained from, or has thc identifying charac- ^ ^^^g 0 r the hybridomas for monoclonal 
teristics of, an antibody obtained from the cell line nav- a^odies of interest was iniriaUy performed by measur- 
ing ATCC accession number HB 9326. These cell lines • binding to serum-ftce culture supernatant* from cell 
were placed on deposit for 30 years at thc American cu iture! as indicated in FIG. 1 As shown in this figure, 
Type Culture Collation (ATCC) in Rockville, Md. M ^ cukureB tealea ^ ^ t intig en into the medium, 
prior to February 19, 1987. The cell cultures established from metastatic melanoma 

The above disclosure generally describes thc present released slightly higher amounts of antigenic material 

invention. A more complete und e rstan d ing can be ob- ^ ltose e^fched from primary melanoma, Non- 

tained by reference to the following specific caarnples melanoma cell cultures which did not release any of the 

which are provided herein for purposes of illustration J3 ^ens were: SW 1783 and SW 1088 astrocytoma, SW 

only, and are not intended to limit the scope of the 6Ml SW 707, SW U16 and SW 134) colorectal carci- 

invcntlOIL noma, KATO in gastric carcinoma, Capan-2 pancre- 

RX AMPLE, l atic carcinoma, 2774 and CaOV 3 ovarian carcinoma, 

T-24 bladder carcinoma, SW 75568 cervical carcinoma, 

PREPARATION OF HYBRIDOMA CELL LINES w Md M OLT lymphoblastoma; HV60 and K 562 

PRODUCING MONOCLONAL ANTIBODIES TO sw wg Jm } teratoC arcinoma and 

MELANOMA-ASSOCIATED ANTIGENS 38 fibroblasts. 

A. Tissues and Cells C. Glycolipids 

The origin and maintenance of the majority of the Total nou-alkali- treated melanoma cell ganglioside 

melanoma cell cultures and other cell lines have been 65 fractions were prepared as described by Herlyn, et aL 

described (Herlyn, et si, Journal of fh£ National Cancer {Cancer Research. 43:5670, 1983). The purification and 

Institute, 74:283, 198$; Herlyn, el a I., Cnnctr Invejtiga- characterization of ganglioaidea was performed csscn- 

tion, 1:213, 1963; Clark, ct si., Human Pathology, tially as described by TTiurin, et H. (Journal of Biobgical 
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Oumufiy. 2*0: 14556. 1945). Thin-layer chromatogra- 
phy (TLC) was performed using glass-backed and 
aluinina-backed highpreaaure TLC plates (Bodman 
Chcmiwds, Gibbstown, NJ). The solvent system used 
for developing the TLC plates was chloroform/me- 
thanol/0.2% CaClj in HjO (60.40:9, V/V/V), and de- 
tection of the various fractions was done using ihc rc- 
sorcinol reagent (Herlyn. et aL t Canair Raearck 
43:5670, 1985). 

EXAMPLE 2 

IDENTIFICATION OF THE ANTIGEN 
DETECTED BY MONOCLONAL ANTIBODY 

ME36I 

Solid-phase enzyme-linked immunosorbent assay 
(ELISA) and radioimmunoassay (RIA), were pre- 

formed in 96-wefl microliter plates (Linbro/Tiifirtek, 
Flow Laboratories, McLean, VA for ELISA and 



10 



is 



12 

EXAMPLES 

TISSUE SPECIFICITY OF MONOCLONAL 
ANTIBODY ME 361 

The reactivity of a monoclonal antibodies of the in- 
vention with cry os tat section* uf freshly frozen melano- 
cyte lesions, G«d as described by Ross, ei al. {Trucccd- 
ingsof the National Academy of Sciences. U.S.A.. 81:6681. 
1984), was determined using the pcioxidaac-aniiperai- 
dase procedure for immunoperoxidase assays (Ortbo 

Diagnostic Systems Inc- f Raritan, NJ). The binding of 

monoclonal antibodies to antigen present Ui supplemen- 
tal aerum-fre culture snpernatants was determined by 
indirect solid-phase RIA (Thurin, et al, Ibid). Western 
blotting and immunoprecipitation were performed as 
described by Lacrnmli {Nature, (London), 227.680, 
1970). The binding of monoclonal antibody ME 361 to 
tissues representing all stages of melanoma tumor pro- 
gression (Clark, titiL, Human Pathology, 15:1147, 1985) 



Dynatcch Laboratories. Inc., Alexandria, VA for RIA) w ^ immunoperoxidase staining on frozen ct yostat 



75 



30 



with purified monoclonal antibody ME 361 (1 ug/ul) 
and ME 361-S2a (1 mg/ml) with aerially diluted gangli- 
oside antigens. Gangliosides were serially diluted in 
methanol and applied to the plate in a volume of 50 
ul/well- Four samples of each dilution were tested in 
ELISA (Thurin, et al, ibid) after evaporating the meth- 
anol at 22' C. and in RIA using ,23 I-kbeled goat anti- 
mouse F(ab')i (1500 cpm/ul) as second antibody (Hans- 
son, et aL. Journal of Bblogical Chemistry. 158:4019, 
1983). For all values the standard deviation was less 
than 7%. The results of ELISA testing indicated that 
higher binding levels of ME 361 and ME 361-SZa were 
for ganglioside GD2 followed by gangUoxide GD3 

(FIG. 1). ME 361 and ME 361-S2a showed essentially 35 

ao reactivity with gan^iosides GM4, GM3, GM2, 

GM1, GDI a, GDlb, GTla, GQ lb, and disialopara- 
gjoboside (irP(Neii AcfenLQCuer). 

The TLC binding assay was performed essentially as 
described by Magnani, et al. {^Methods in Enzymology, 40 
83 :23 5, 1 9 83), using hybridoma culture supernatants as a 
source of antibody and the same second antibody as 
above. Results from negative reference glyeolipids (500 
ag/band) were obtained from die chiomatogram bind- 
ing assay, except GM1, which was run serially diluted 45 
in ELISA, and plotted for simplicity (FIG. 1). 

Western blotting and mirnimoprecipitation using ex- 
tracts and cells, respectively, from melanoma cell cul- 
tures WM 75, WM 373. WM 115, WM 2664, WM 164, 
and SK MEL 23, revealed no glycoprotein antigens 
forms associated with antibody ME 361 (data not 
shown). 

Total glycolipid fractions from human brain and 
erythrocytes indicated that thane was no reaction with 
other gangliosides using die chromaiograre binding 
assay (TLC). As shown in FIG. 2B, antibody ME 361 
was shown to bind to the GD2 ganglioside (lower ar- 
row) and also the GD3 ganglioside (upper arrow), con- 



sections is shown in Table 2. 

TABLE 2 



IMMUNOPEROXIDASE STAINING ON FROZEN 
SECTIONS WITH ME 361 



Tissues 



MelsnocyiH/kerBUnocyles 
aervu 

L*agcchAni cells 
Ncvi 

Dysptnlic aevi 

Primary melanoma 

Metnsiartc mrianonu 

Lymphocyte* 

Brain 

Puflrtu 

Liver, kidney, tenia 





Number of 




Number of 


podiivs 






cold 


5t Positive 


71 


0 


0 


7 


4 


SI 


SI 


19 


37 


ID 


b 


6Q 


23 


U 


96 


126 


13 


11 


1 


1 


100 


I 


0 


D 


1* 


0 


0 



50 



'Lytnphnryia is udiou of nutanoeyiic tab&s. 
*0*i cua etch. 

Cellular staining was diffused throughout the cyto- 
plasm. In general, the reactiviiy was moderate to strong 
in intensity, involving 50% or more of ihe Iesional cells 
in most instances. The reactivity to brain was mainly 
conGncd to myelin. Prrpheral nerves were non-reactive 
throughout all tissues studied The binding of ME 361 
to all ganglioside fractions in FIG. 2 and all cells in 
Table 2 was consistent with high binding to primary 
and metastatic melanoma. 

EXAMPLE 4 

FLOW CYTOMETRIC CELL BINDING OF 
MONOCLONAL ANTIBODY ME 361 AND ME 

361-S2a 

For flow cytometry of the melanoma cell cultures, 
cells from one 75 cm 2 were trypsinized on the day be- 
fore assay and transferred to a new flask. Cells were 
removed from the flask on the day of assay by a short 
incubation with 0.1% EDTA in phosphate-bulfered 
sistent with the ELISA data. The fa&tcu migrating ^ sa | me ^ resuspcnded in Hanks' medium (G1BCO 
bands, seen most clearly in lanes 1, 4 and 10- 1 1 in FIG. Laboratories* Grand bland, NY) containing 10% heat- 
IB, disappeared after treatment with alkali (FIG. 2C). inactivated human serum. Viability was assessed using 
This indicates that in ail likelihood it is the presence of the trypan blue exclusion technique and was found to be 
lactones on GD2 that arc reactive with monoclonal greater than 90%. Cells were then diluted to 4X10 6 
antibody ME 361. Monoclonal antibody ME 36! was 6S cells/ml. and 250 ul (1X10 6 cell!) placed in a 1.5 ml 
capable of binding to total ganglioside fractions from all Eppendorf tube for each assay. Primary antibody (50 ul) 
eleven melanoma cell cultures studies (FIG. 2, B and was then added and incubated for 30 minutes on ice. 
O Undiluted culture supernatant of the mouse myeloma 



55 



FROM MORRISON & FOERSTER LLP 



(WED) 6.26*96 1 4 : 2 8/ST. 1 4 : 1 7/NO. 37604 2 705 9 P 24 




13 



4,849,509 



14 



P3X63 Ag8 wu used as a negative control Cell* were 
washed twice, resuspended, and incubated for 30 min- 
utes in 30 ul of Quorcaccia-Ubdcd goal anti- mouse 

F(ab')i dflnted 1/100 (CappeL Wonhington. PA.) in 

Honks' medium as above. Cells were then washed twice 5 
and reuspexided in 0.5 ml of Hanks' medium and kept 
on ice for lesi than 2 hour* before flow cytometry. An 
Ortho Cytofluorograf 50 HH connected to a Data Gen- 
eral MP/200 microprocessor was used (Ortho Instru- 
ments, Westwood, MA) far cytometric determinations. 10 
Cells were considered positive when their fluorescence 
intensity exceeded the threshold at which 99% of the 

cells treated with oonreactivc control antibody (nega- 
tive control) had lower fluorescence intensity, 

The results obtained from monoclonal antibody ME is 
361 (ATCC HB 5323) and ME 361-S2a (ATCC HB 
9326) binding using indirect flow cytometry indicated 
that binding had occurred to all six cell cultures which 
were tested (Tabic 3). ME 361 has iaotype gamma-3 and 
ME 361-Sla has isotype gamma-2a. 2D 

TABLE 3 



cant lysis in the assay, as titered on melanoma cell cul- 
ture WM 164. No attempts were made to compare the 
killing efficiency of the two different ME 361 isfltypes, 

since the purified gamraa-3 antibody (ME 361) was 
difficulty to solubfliae at the necessary concentrations. 
However, purified gamma-2a monoclonal antibody 
(ME 361-S2a) at a concentration of 10 ug/ml showed 
the same effect aa the 1/100 ascites fluid dilutions. Tar- 
gei cells (1 X 10 6 ) were labeled with 10 uCi or [ IH ln] 
indium oame (Medi-Physics Inc.. Emeryville, CA) for 
15 minutes u? 15 ul of saline at IV C. The cells were 
washed three times in medium and were added at 
1x10* cell/well in roundbottom microtiter plates (Lin- 
bra. Flow Laboratores, McLean, VA). In the ADCC 
assay, effector cells and various concentrations of a 
monoclonal antibodies were added in triplicate and 
incubated for 18 hours at 37" C. in 5% CCb. Plates were 
then ccnirifugcd at 80 g for two minutes. The superna- 
tant* were harvested and analyzed using a gamma- 
counter. The percentage cytotoxicity was calculated by 
the following formula: 



BINDING OF ANTIBODY MB 561 AND 
MB 361-52* TO MELANOMA CELL 
PlfLTHRBS IN INDIRECT FLOW CYTOMETRY 

Mus« 
mul binding 



* cytotflsicny = CPM - sponnuitoas QFM 



23 



100 







(number of 




Cells 


Antibody" 


deunnmatlonj) 


MCF A 


WM75 


P3 


2.7(2} 






2a 


3a 1(2) 


A3 




3 


3«W 


76 


WM373 


Pi 


3.6(1) 






2a 


11.20) 


116 




3 


lilU) 


13ft 


WM IIS 


PI 


1-6(2) 






2* 


. «J2(2) 


fi4 








90 


WM 2UA 


PS 


UO) 






2a 




142 




.3 


96.4(1) 


172 


WM 164 


P3 


L2P) 






2a 


3.6(2) 


43 




J 


14*1) 


37 


SK MEL 13 


P3 


2.3(3) 






2a 


B0JK4) 


141 




i 


919(2) 


162 



30 



The values obtained are shown in Table 4 and reflect 
those numbers obtained after control values have been 
SUbsU&cted (% t1l In release without monoclonal anti- 
body ME 361 or MB 36] -52a). A standard deviation in 

these determinations was below 1095. for all values. 
TABLE 4 _ 

. ATCC AND CDC AGAINST STX MELANOMA CELL 

CTfT.TURE3 IN IN RELEASE ASSAY 



*P J, culture supenatsst from mouse nyetoms lXfil*A jSj 3a, ID us/ml of purified 
U£ ieiouismm?; ud J, MB-36I cdoirmu*! udn dilated i/iaa 
*MCF. sua ctanod OtioraceoDf. 

The cells with the highest extract able amount of the 
GD2 gangltoaide, that is. WM 15. WM 1 1 5. WM TIM, 
and SK MEL 23 showed higher levels of antibody 
binding than cultures WM 373 and WM 164, which 
contain relatively amsil amounts of GD2. However. 
WM 373 and WM 164 cells had sufficient amounts of 

the GDI ganglionde, so that despite weak antibody 

reactivity to GD3 (PIG. I), these cultures we*e still 

capable of binding ME 361 and ME 361-S2a (Table 3). 55 

Other melanoma cell cultures which were also reactive 
with monoclonal antibody ME 361 and ME 361-S2a 
were WM 9, WM 46, and the neuroblastoma cell cul- 
ture IMR-5. 



3S 


Ctlli 


Antibody 
ME 361 
Uoiype 


Monocytes* 


LrmpbocYles 0 
#1 PI 


CDC 
#1 




WM 73 


3 


48.3 e 


4L1 


213 


33.1 


49J 




2s 


314 


19.9 


30.1 


33.1 


24.7 




•WM 371 


3 


22.1 


1S.S 


17.4 


19.2 


15.1 


40 


U 


114 


7JJ 


6.7 


13 


IS 




WM 113 


i 


27.6 


21.1 


19.1 


21.7 


19.1 






2s ■ 


1S.6 


9A 


T.4 


15.1 


1.1 




WM 266-4 


3 


29.8 


27,6 


247 


24.4 


46.1. 






2i 


17.6 


13-7 


121 


24.3 


7.2 




WM 164 


J 


29.B 


3a« 


13.1 




36^ 
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EXAMPLES 

CYTOTOXICITY OF ME 361 AS MEASURED BY 

ANTIBODY DEPENDENT CELL 
CYTOTOXICITY (ADCC) AND COMPLEMENT 
DEPENDENT CYTOTOXICITY (CDC) 

ADCC was measured using an 18 hours U1 ln release 
assay. In the assay ascites fluid was used at a 1/100 
dilution, which was the highest dilution giving signifi- 



30 tor. In ADCC «ni 6% ra CDC 

For the CDC assay, the m In-labeled target cells 
were incubated in microliter plates with 40% autolo- 
gous plasma from human donors and various concentra- 
tions of monoclonal antibodies. 

In evaluating the ADCC and CDC activity of ME 
361 and ME 361*S2a six melanoma cell cultures were 
selected which had different ganglioside patterns. 
These cell cultures are described in Table 1. All cells 
60 were significantly lysed in ADCC when human mono- 
cytes and lymphocytes, using an effeclor-to-iarget cell 
ratio of 30:1, as well as in CDC with complement in an 
18 hours lUlnrelease assay (Table 4). The killing effi- 
ciency of ME 361 and ME 361-S2a was significanUy 
65 higher (p 0.01, Student's T-test, using all four values) for 
WM 75 cells than for WM 3*73 cells. This run ding is 
consistent wish the greater concentration of GD2 and 
higher antibody binding levels in the WM 75 cells. 
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However, no significant difference was found between changes and modification! can be made without depart- 

the lysis of WM 115 end WM 26*4 cells (derived from ^ °' SCOpe ° f 

a single individuaJX which correlated well with the !. JLloniim 

similar ganghoside pattern* of these cultures. Antibody 5 monoclonal antibodies reactive with ganglioside 

binding in the direct flow cytometry assay, described antigens GD2 and GD3 and is essentially non-reactive 

supra, was also similar for WM 1 15 and WM 266-4 cells. with other gonglioside antigens, 

that is, 73% and 83% (Table 3), respectively. The distri- 2- The hybridoma of claim i, wherein said hybridoma 

bunon of the major gangiiosuies GM3, GM2, GD3 and » selected 1 6om the group consisting of ATCC HB 9323 

, ^ » \T -. w — 10 and ATCC HB 9316 tnd their uorype switch variants. 

GD2 in these cell cultures were similar, in sharp con- 3 A reacdv 7with ganglioside 

traat with the pattern Men for WM 75 cells, in which Qm ^ qqj wherein 5aid antibody is prefer- 

GDI Was the Afljor gangliOAide, and for WM 373 Cells, *ntiaUy reactive with GDI and U essentially lum-taao- 

m which GD3 wu the major ganglioside and GD2 was tivc with OQ lb. 

found only in low amounts (PIGS. 2, A and B, lanes Is* 4- The monoclonal antibody, according to claim 3, 

1-4). In the case of two cell cultures from different wherein said monoclonal antibody is produced by a cell 

^dividual* monoclonal antibody binding and killing of J" 1 *? %g? np COnsiiling ° f ATCC ™ 

cells expressing both GD2 and GD3 (SK MEL 23) was 5 ^ monoclonal m|ibody accoraing l0 claim 3 

greater than in cells expressing only GD3 (WM 164). M hflving thc specif^y 0 f a monoclonal antibody pro- 

Thc invention now being fully described, it will be duccd by hybridoma ceU line ATCC HB 9325. 

apparent to one of ordinary skill in the art that many * • • * * 
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[57] ABSTRACT 

A method of inducing an immunological response to 
solid tumors is provided M/herein anti-idiorype antibod- 
ies presenting an internal image of a tumor or antigen 
are administered to a patient. Monoclonal anti-idiotype 
antibodies and immorial B lymphocytes that produce 

them arc also provided. 

17 Claims, No Drawing* 
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INDUCTION OF ANTIBODY RESPONSE TO 
SOLID TUMORS WITH ANTI IDIOTYPE 
ANTIBODIES 

mis application is a continuation of application Set. 
No. 549,505, filed Nov. 7, 1983, now abandoned. 

TECHNICAL FIELD 



olype antibody being the paratope of an an^wmor 
antibody. The present invention also provide* the 
monoclonal antibodies produced by the above immortal 
B lymphocyte substantially free of other antibodies. 

In a further embodiment, the present Invention pro- 
vides a method of including an immunologic!! response 
to a solid gastrointestinal tumor comprising; (a) provid- 
ing an Atiti-idifltvpe antibody that identifies an epitope 
In Die variable region of an anti-gastrointestinal tumor 

._ — * • _ _ ^ Z _ — a>I ■ *a ■ ^o, a^ ifiai #1 n rl_ 



m p— i. • — • -s* =11! StfS2^SS3-S 



immunological responses to tumors. More specifically, 
the present invention is directed to the use of anti-idi- 
otype antibodies to induce an immunological response 
to tumors, as well as the antibodies and cell lines that 
produce them, 

BACKGROUND OF THE INVENTION 

The sequence of amino acids in the variable regions 
Of both heavy (V w ) and light (VJ chain* of immuoo 



15 



body to a human, said bum-* being thereby ctimidated 
to produce antl-(anii"idiorype) antibody that identifies 

an epitope on a gastrointestinal tumor cell 

DETAILED DESCRIPTION OF THE 
INVENTION 

the present invention provides a unique approach to 
cancer therapy. Traditional approaches have employed 

antibodies. Two functiDnal classes of ann-idiotypicjuiti- ical response has uuiiij, as a uura P m 

bodies can tail one of whfc* reacts with the paratope, preventative, «~«»V b 

immiinl Cftru) 125C. 373-389. ^ anti-idiotype antibody molecule, and the la 

SUMMARY OF THE INVENTION patient's immune system. The idiotypic (Lc variable) 

It i, „ cbjee* of the present invention to provide a region of the anti idiotype 
tnethod of id,. • re.pon.e in . 35 ^^^^^J^ 

TSi" SSSSl- P-"< -ention to empioy |U antibodies ^ «J 

■^sfsi- piodu " an i^ ™ ,l0l0i ' i " , WJSSS 



an aliernative to the treatment or tumors with anti 

tumor antibodies. ( 

X further object of the present invention is to provide 
a method of treating solid tumors that Ukea advantage 

of the idiotypic network. 

Yet another object of the present invention is to pro- 
vide monoclonal anti-.diotypc antibodies, and immortal 
B lymphocyte sources for such antibodies, that are use- 
ful in the induction of immunological responses to solid 
tumors. 

These and other object* of the present invention are 
achieved by one or more of the following embodiments. 

In one embodiment, the present invention provides a 
method of inducing an immunological response to a 



anli-idiorype antibody presents an "infernal" image of 
(he tumor cell epitope identified (Le., selectively bound) 
by the idiotype antibody and, therefore, the antKanti- 
idiotype) antibodies will also bind the tumor antigen, In 
43 effect, the present method induces a immunological 
response to the solid tumor by presenting an antigen 
(the paratope of the antiidiotype antibody) which is 
essentially indistinguishable from the tumor antigen to a 
portion of the patient's resulting antibodies. 

30 Surprisingly, the above method is an effective proce- 
dure for controlling tumor growth. Furthermore, it hat 
several advantages over the more traditional approach 
of limiting tumor growth with anti-tumor antibodies. 
First, much less foreign antibody need be administered 



andbodv an eotoDe identified by wid anti-idiotype is beneficial rather ban detnmen al to the ^tended 
\^'ZXVL* of an L-tumor antibody; effect. Third the ft^' ™ 
and <M atlmukting in • human the production of anti- tumor antibodies, thus eliminating the n«**"y .«»- 
Sti 2io^«)wt^dy that identifies an epitope on a pe.ted ad«ninist ration of exogenous ant.-tumo ant bod- 
tumo! 3by adrcinislering said anti-idiotype antibody 60 in. Other advantages wdl be rcaduy apparent to those 



to said human. 

The present inveoiifln also provides polyclonal anti- 
idiotype antibodies, an epitope identified by said anti- 
idiotype antibodies being the paratope of an anti-tumor 
antibody, substantially free of anti-iiotype antibodies. 

In another embodiment, the present invention pro- 
vides an immortal B lymphocyte that produces an anti- 
idiotype antibody, en epitope identified by said anti-idi- 



of skill in the art. 

The idiotype of an antibody is defined by individually 
distinctive antigenic determinants in the variable or 
idiotypic region of the antibody molecule, A portion of 
64 these idiotypic determinants will be on or closely asso- 
ciated with the parotope of ihfl antibody, while others 
will be in the framework of the variable region. While 
each antibody has its own idiotype. particular antibod- 
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ics will be referred to below by tbe following termi. 
"Idiotype antibody" or "Id Ab" refers to in anti-tumor 
antibody (Lc, the epitope identified by the idiotype 

antibody is on a cell or a solid tumor. "Anti-idiotypc 
antibody" or "anti-Id Ab" refers to an antibody which 
identifies an epitope in the variable region of an idiotype 
antibody. A portion of inch antibodies will identify an 
epitope that is the parotope antibody, thus presenting an 
"internal" image of the epitope identified by the idio- 



ies directed to framework determinants along wilh the 
subclass directed to the idiotype antibody's parotope is 
acceptable. It ir only necessary that the formulation 
contain the subclass directed to the idiotype antibody's 

parotope. . 

The preferred anti-idiotype antibody u a humin anti- 
body to mmimiie immunological response to the con- 
stant region to the antibody molecule However, since 
relatively small doses of anti-idiotype antibody are re- 



type antibody on the tumor cell. "Antiidiotype) 10 quired in the present invention. ^ Io 8^^ 0 ^ 

antibody" or "antHanti-Id) Ab" is an antibody that can be employed (e g, mouse, rat, goal rabbit, e tc^i* 

S „ epitop«\ th. region of the an*- the absence on any «r,ou* reacUon to toerx Jogo £ 

idiotype anribrf?A portion of the wtKanti-tdiotype) anti-idiorypc antibody, 

antibodies will identify an epitope that corresponds to preferred due to ease : and cost of F £*« 

(i) the parotope ofth* antiidiotype antibody, and (ii) an 15 tno~, polyclonal anti-id.otype «^^" B .. b * 

mLitnr* nn a turner celL ployed as well as monoclonal antiidiotype antibodies. 

aXLd below, the method of the present invention Polyclonal antibody can bt = prepucd Tby 

contemplates administering antiidiotype antibody to a conventional methods known in the *rtFor example 

2 T?he anti-idiotype anybody is adhered to the polyclonal anti-Id Ab can be P»f^^™^ 

host in any physiologically suitable carrier (e.g., sterile, 20 an animal with a monoclonal ano-hjmor "tibody 

^rogen-freS physiological saline), the formulations of Id Ab) The immunized ^animal £ 

which are within the skill of the art. The selection of A subekss of this antiidiotype antibody in «*-sera 

carrier is not critical and the antibody can be adminis- will identify an epitope thai is the paro'ope of the *nu- 

tcrcd by any method that introduces the antibody into tumor antibody. Anii-sera collected from the animal 

the circulatory system (e.g., intravenous! intramuscular 25 can be purified, for example, by sequential absorption 

cr"bc^ with & ™ inimobilued antibody of the 

The amount of antibody administered to a host can the monoclonal Id Ab, but different .diotype, to remove 

vary widely dependent, for example, upon the particu- anti-isotypic antibodies from the anti-sera, and (ii) the 

lar antibody employed and the patient inoculated- It is immobilized monoclonal Id Ab to remove the ancld 

only necessary that sufficient anti-idiotypc antibody be 30 Ab, a subclass of which will present internal «W» <» 

adminiitcred to Emulate the production of anti-(anti- the lumor anugen. The antj-Id Ab can then be^ eluted 

idiotype) antibodies by the patient's immune system. from the bound monoclonal onu-tumor antibody to 

The amounts or antibody employed, need not be very provide a solution substantially free of anU-Jsotypc anu- 

great because only very small amounts are necessary to bodies. TSis solution can then be tested for P'***^ 

induce an immu no logical response. In many cases, a « of anti-Id Ab that identifies the parotope of Ous Id Ab. 



dosage of antibody within the range of a few micro- 
grams to a few milligrams should be sufficient, (e.g., 
about 50-200 jig to about t-5 mg). The determination 
of an appropriate dosage Is readily within the skill of the 

art. 

In one embodiment, the present invention contem- 
plates administering a formulation containing anti-idi- 
otype antibody to a human patient to produce an immu- 
nological response to a solid tumor (Le., a solid mass of 



Monoclonal antiidiotype antibodies substantially 
free of other antibodies can be isolated from the super- 
natant of substantially pure cultures of immortal B lym- 
phocytes. The term ''immortal B lymphocyte" encom- 
40 passes any relatively stable, continuous antibody-pro- 
ducing cell that can be maintained in culture for several 

months (preferably indefinitely), such as hybridomas 

(somatic ceU hybrids of normal and malignant lympho- 

e _ « ki^uii „ - , , cytes) and normal lymphocytes *"sTormed ^ vir « 

malignant cells such as produced by carcinomas, sarco- 45 (eg.. Epstein-Barr virus) or oncogenic DNA Hie pro- 
mai, melanomas etc., as opposed to disperse, circulating duction of immortal B lymphocytes from normal B 
malignant cells such as leukemias). In a preferred era- lymphocytes that produce ann-tsotype "tibody is 
bodiment, the tumor is a gastromtestmal tumor. As within the skill of the art. Sec, e.g.. Monoclonal Anttbod- 
defined above, a subclass of the anti idiotype antibody /« (R. H. Kennctt, T. J. McKeam & K. B. Bechtol 
selectively binds to (Le. ( identifies) the parolope of an 50 1980); M. Schreier et al. f Hyhridoma Techniques (Cold 

anti-tumor antibody (the idiotype antibody). This nib- Spring Harbor Laboratory 1980); Monoclonal AnuooiHu 

class of anti-idioiype antioodtei. which present internal and T-Cell Hybridomas (G. J. Hammeiling, U. Ham- 
images of the tumor antigen, can be distinguished from merling & J. F. Kearney 1981); Kozbor et el., (1982) 
anti idiotype antibodies that recognize framework de- * Proc NatL Aead SeA U.&A. 79:6651-6635: Jonak et aL 
terminants in the variable region of the idiotype and- 35 (1983) Hybridoma 2:124; Monoclonal Antibodies and 
body by any of several methods. One method of identi- Functional Cell Urns (R. H. Kennett, K. B. Bechtol & 
fying the desired anli-idiotype antibodies is a competi- T. J. McKeam t983); Kozbor et aL. (1983) Immunology 
tive binding assay between the rumor antigen )or hapten Today 4: 72-79. 

if available), the idiotype antibody and the anti-idiotype Normal B lymphocytes producing anti-Id Ab and 
antibody. If the antigen blocks binding of the anli-idi- 60 suitable for the production of an immortal B lympho- 
otype antibody to the idiotype antibody, the epitope cyte can be provided by various methods within the 
identified by the anti-idiotypc antibody is closely associ- skill of the art. For example, an animal, such as a rat or 
ated with the idiotype antibody's parotope. Another mouse, can be immunized with a monoclonal anti-tumor 
test is to determine if anti-sera to the anti-idiotype anti- antibody and B lymphocytes producing anti-Id Ab re- 
body is also anti-tumor. These and other methods of 65 covered from the animal's spleen. Human B lympho- 
identifying the appropriate anti-idiotype antibody are cytes producing anti-Id Ab can be obtained by immu- 
within the skill of (he art. In the formulation adminis- nliing a paiicnt with monoclonal anti-tumor antibody, 
tered to a patient, the inclusion of antiidiotype antibod- collecting peripheral blood lymphocytes from the pa- 



• 
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ttent, and then inducing in vitro the growth of B lym- 
phocytes producing ami-Id Ab by stimulating the cul- 
ture with the monoclonal anti-rumor antibody. See, e.g.. 
DeFreitas et aU (1982) Froc. Natl. Acad. Sci U&A. 
79:6&4£-tftf. The animal or human B lymphocyte* 
producing anrMd Ab can thus be recovered and immor- 
talized by those of akiH in the art Of court* it is under- 
stood that those lymphocytes producing anti-Id Ab that 
presem internal images of the tumor cell antigen ihould 
be distinguished from B lymphocytes producing anti-Id 
Ab directed to framework determinant! in the idiotypic 

region. 

The method of the present invention can alto be 
practiced in conjunction with other methods of induc- 
ing immunological responses to tumors such as the use 
of viral oncoiysote vaccines as described in U.S. Pat. 
No. 4, 108.983. 

The following examples are illustrative of the present 

invention and are not intended to limit its scope. 
MONOCLONAL IDIOTYPE ANTIBODIES 

The foflowing experiments employed mouse mono- 
clonal antibodies 17-1A. C42032 and C*1472, which 



PREPARATION OF POLYCLONAL 
ANTI-IDIOTYPE ANTIBODIES 



New Zealand white rabbits were injected subcutane- 
3 ously at multiple sites with 300 ug purified MAb 17-1 A 
emulsified in Frcund's complete adjuvant and, 30 days 
later, boosted intramuscularly with 100 jig of the mono- 
clonal antibody. Sera was collected on day 10 of the 
secondary response. 
10 Anti-sera was absorbed on immobilized MAb 

and MAb 1 7- LA. The purified monoclonal antibodies 
(30 mg each) were coupled to 2 ml of Affi-Gel 10 (B10- 
Rad Laboratories. Richmond, Calif.). The anti-sera was 
then sequentially absorbed on MAb C42032 and MAb 
15 17- LA iHununoabsorbents to remove anti-isetypic and 
anti-idiotypic antibodies, respectively. Absorbed anti- 
bodies were eluted with Q.1M glycine buffer (pH 2.8), 
immediately neutralized with phosphate buffer, dia- 
lyied against phosphate-buffered saline, and protein 

20 quantitated by absorptivity at 280 nm (E l *2iq=14). 

Anti-scra obtained from patients after one injection of 

MAb 17-1 A was also obtained and purified as described 

above. Sera from subject No. 23, received 750 mg of 

clonal antibodies ima. uzu^ anu v,*^,*, MAb 17-1A, and from subjects No. 08 and 07, who 
bind to human gastrointestinal cancer cells, and are 2 $ received 133 and 175 mg of MAb 17-1A. respectively, 
described in Herlyn et al.. (1979) r>ot Natl Acad. Sci were collected at various times after the first injection 
U.S. A 76: U38-1442 and Koprowski. "Monoclonal Q f antibody. Samples shown by radioimmunoassay anal- 
Antibodies In Vivo. M in Monoclonal Antibodies in Can- ysis to contain antimurinc IgG antibody were sequen- 
cer- Proceedings of the Fourth Armand Hammer Cancer tially absorbed on MAb C42032 and MAb 17-1A lm- 
Symposium (R Boas. K Langrhan. 1. Trowbridge & 30 munoabsorbents to remove antMsotypic :and «ts-idloty- 
Dulbecco 1983). Monoclonal antibody (MAb) Q2032 pic antibodies, respectively as described ^ ™ 
has specificity for colorectal carcinoma (CRC)- anti-idiot ype antibody isolated ^^u^too^ 
associated antigens) of M, 180. )60L'5O and 40 KL MAb to be humaa ixn^ogjobulins by bindmg to - 
Sw2 agOZa)^ specificity for CRCWatcd anti- Uhalad anti-human F(ab') 3 fragments. The yield of anti- 
gen M f 50 K. The MAb A5C3 a^st togto virus » 

was also employed and is described m wands et ai , irom^o^,"^/ ■ «»• 

~f J , M ■ - ' rr * , nu i-,iQ Na 23 The larxest amount was obtained from No, is 

(lgG2a kappa light chain) were purified from ascites «ouse globulm antibodies, 
obtained hybridoma-hearing mice by afrhity chromo- 40 
tography on protein A-sepbarose column (Pharmacia, 



Piscataway, N.J.) as described by Ey et al, (1978) Jm~ 
munochemistry 15: 429-436. 

r 

PATIENTS 

All patients had metastatic or recurrent gastrointesti- 
nal adenocarcinoma and were injected systematically 
with one dose of a purified sterile, pyrogen-free prepa- 
ration Of MAb 17-1 A concentrated from ascites fluid of 



SCREENING SERA FOR PRESENCE OF 
ANTI-IDIOTYPE ANTIBODIES 

To screen serum samples for the prcsense of anti-idi- 

otype antibody, a competition assay was performed 

45 using the rabbit-antHdiotype antibody and four human 

sera pre-incubated with "'I-labeled MAb 17-1A. 

Polystyrene beads of 1-inch (6.35 mm) size (Precision 
Plastic Ball Co., Chicago. ID.) were washed three times 
with 95% cthanol. The air-dried beads were incubated 



ration of MAb 17-1 A concentrated from ascites fluid of Jfl a di ] ution 0 r eifter ra bbrt or human iiui-idiotypc 
Balb/c mice per the method disclosed in Sears et al, ant foody in 0.02M sodium tetraborate, pH 8.2. After 



()9B2).Lancef 762-763. Of nine patients who received 

193 mg or less of MAb 17-1 A seven developed anti- 
mouac globulin antibodies. Of the 20 patients who re- 



antibody in 0.02M sodium tetraborate, pH 8.2. After 
overnight incubation at 4 - C. wilh gentle shaking, the 
beads were washed three times with phosphate-buffered 
saline and then incubated for at least thiee hours at 



ceived 200-1U00 mg of monoclonal antibody, three # room temperature with phosphate-buffered saline con 



developed anti-mouse globulin antibodies. Sera of three 
patients of the first group who developed anti-mouse 
globulin molecules (patient Noa, 07. 08 and 09) and of 
two patients of the second group (Noa. 14 and 23). were 



taining 2% bovine serum albumin and 0.04% NaNj. 
The beads were then exposed to l25 Mabelcd MAb 
17- 1 A as the reference idiotype that had been prein- 
I wo patients ot tne secono group i was. naoutj;, wac cubated with the potential source of human anti-ldi- 
either screened or processed for isolation of anti-idi- $o otype antibody, i.e., human sera was diluted to 25% 
otype antibodies. Sera used for isolation of antiidiotype concentration in phosphate-butTered saline without 
antibodies from subject Nos. 07/08 and 23 were ob- Ca+- and Mg++ and supplemented with 2% bovine 
tained at the time when all three showed the highest serum aJbumin and 0.04% NaNj. After an additional 
concentration of anti-mouse globulin antibodies. Patient overnight incubation, the beads were washed and the 
No. 08 received a second injection of 130 mg of mono- 65 radioactivity bound was measured in a gamma eounler 
clonal antibody 20 months after the first injection, and Three of the sera obtained I after one mjecnon with 
serum obtained after this second injection was used in a monoclonal antibody, Nos. (23. 09, and 14) sftc-weo 
l^l^SI^ of «ti-idio.y P e antibody. inhibiaon of binding of MAb IMA that was higher 
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than that of pre-monoclonal antibody injection samples. 
Binding inhibition value* obtained for port-monoclonal 
rndbody serum of paliral No. 14 were low as compared 
to the other two sera, but higher than that for the pre* 
monoclonal antibody exposure sertlm of the same sub- 
ject. Inhibition value* for serum obtained from patient 
No. 08 seven days after he received a second injection 

of monoclonal antibody were already high. 

COMPETmON ASSAY FOR DETECTION OF 

ANTIIDIOTYPE 

A competition uuy was conducted in a manner simi- 
lar to that described above to determine the binding of 
isolated anti-idiotype innbodies to MAD 1 7-1 a, as well 
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extract and with a 3M KCI "tract of inelanotM cells 
which do not bind MAb IMA. The **\>oiy-*abB*> 
minutes were then added to beads coated with anU-Ul- 
otype antibody obtained from patient No. 23 and the 
S bindiag compared to the bindmg of the 
monoSonal antibody alone. Th« 
performed with Don-saturaling amounts or todineted 
monoclonal antibody in order to detect changes in bind- 
ina with mull amounts of competitive haptens. For 
,o coW.1 purpose* A. ioii^ted MAb 17-lA wis mixed 

with an eittact from melanoma cells that was known 
„ot to bind MAh 17-1 A. The CRC cell Miricts m .con- 
centrations of 0.1 or 0.5 mg/ml were found to inhibit Uie 

as w monoclonal anUbodiei CJD32 C«1472 " « ™ 1 ^ atTact bom melanomia celb in concentra- 

17-1 A was significant* higher than ^ffiShSTA binding reaction iadi- 

motional antibodies, two of which (C4Z032 and J^H^e of an "internal image" of the CR.C 

to MAb 17-lA was concentrated to approximately bind, as expected, to MAb 17 1 A 
2.5 Mg/ml and coupled to polystyrene beads. These 25 
preparations, however, did not bind any of the mono- 
clonal antibodies tested, indicating the absens* of anti- 
idiotype antibodies in pre-e*posurc scrum. 

CROSS REACTIVITY BETWEEN 
ANTI-IDIOTYPE ANTIBODIES 

A competition assay was conducted to determine 
whether there was cross-reactivity among the human 
anti-Jd sera. 



PRODUCTION OF ANTI-IDIOTYPE AND 
ANTHANTI-IDIOTYPE) ANTIBODIES BY 
HUMAN B LYMPHOCYTES 

BuiTy coat cells were obtained from patient Nos. 08 
30 and 13. twenty and five months, respectively, alter 
injection with MAb 17-lA. The calls were stimulated 
with 10 ng/rnl F(ab')i fragments of 17-lA in yitro aa 

described in DeFreit-* et aL (1982). PfOt Natl Artd. 
ScL V.S.A. 79: 6646-6650. During ihe following seven 

_ • _ — aI Z. ^Sj rm *ss IjnS ^ m 1 1 



iti-Jd sera. . . li;,™** of cells were separated into T and B cell 

RaulU of the competition aiuy, shown be ow.utd.- 35 J" tneep erythrocytes 

was found between the ami-idiotype sera of pattern 1N0. 40 F(ab fcfregineotio "i 7 ia Th . ce | lpopu . 

07 and pos-monodonal antibody . an. . from = y. and g, ^E* jn , 



patient No. 08 (results not shown). The* results indi 
cate that the anti-idiotype antibodies produced by dif- 
ferent patients are directed against the same antigenic 
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fluorograph. In addkic-n, penpVmr-1 blood mononuclear 

cells from the same patient were itunulated with 
45 F(ab'h fragment* of 17-lA or anti-influenza monoclonal 
anribodiei for nine days in a modified Mishell-Dutton 
culture for specific human Ig production as described in 
DeFreitas et al, supra, Superrutants from these cultures 
were assayed in a solid-phase enzyme-linked un- 
50 raunoabsorbcm assay for specific human IgG (KPL 
Laboratories, Gaitbersburg, Mdl ( . . 

The percentage of lymphocytes that initially bound 
17-lA F(ab')a of patent No. 08 was 1.2%, and of patient 
No. 23 was 0.2&. During seven days in culture with 
55 MAb 174A. the percentage of lymphocytes of patent 
No. 23 that specifically hound 17- 1 A F(ab')i increased 
EPITOPE DETECTED BY ANTI-IDIOTYPE from a2 to U7 0 , All the 17-lA binding cells were pres- 

ANT1BODY ent in the B cell population. In addition, after nine days. 

Hapten inhibition of binding of human antiidiotype human anti-MAb 17-lA ^ ^^jJ" 
antibodies to MAb 17-lA was performed to show that 60 «*>™»»^ 

tOP A C C * * ceU line de- 17, /of M« «^ J*^ 

SSE^ - ^ — ^^type antibody ra^r than idio- 
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type antibody. Anti-fcnti-idtorype) antitatta were pro- (W iwflJ iwlucc formation* of ' ""j^* 1 

duccd by stimulated B lymphocyte and these «,tK«xtl- bodiM specific for and solid tumor cell epitope 

Id) Ab were shown 10 identify as epitope on CRC cell upon adimnisirahon to a human. 

"tract 7« . whole celh. Tnu,. Uk fumm. imnone 5- The immortalized B lymphocyte of dam 4 that « 

tyrte « wOl proa^ ^™ andhoto in response 5 4 ^ &Sld 6 lymphocyte of c.a,m 4 cha, is 

to stimulation with antudiolype ant.bod.C3. , elcc ^f^!hc group LnLing of mouse and rat 

IMMORTAL B LYMPHOCYTES PRODUCING lymphocytes. u . 

ANTI-IDIOTYPE ANTIBODY 7. The immortalized B lymphocyte of claim 4 that it 

Variow method, of producing immortal B lympho- * 8^T^e^uiiortalis«d B lymphocyte of claim 5 that it 

cy tes secreting mcraoclonaJ antrtwdics are known in ihc ■■ 1 ?* y p 

.n- Sec Koibor ct aL, (1M3) Immunol**, Tody - 4: > y™ 0 ^^ Mtlo0diK produced by the im- 

72-79. Human B lymphocytes ttcmiD* *Tlj Sc^erf claim 4*ubsiantiall y I>~ of 

otype) antibody, obtained from peripheral blcod lym- S^mtitedia 

phocytes as described above, can be immortalized. ^ ^ monocloM i antibodies produced by the im- 

therefore, by one of skill in the art. B lymphocyTe 0 r claim 5 substantially free or 

One method that can be readily employed w nnmor- othe7antibodia 

taxation with Epstrin-Harr vims (EBV). In this UJht monoclonal antibodies produced by the inv 

method, the normal lymphocytes described above are fi , of c1aim 6 substantially free of 

infected with EBV in vitro and immortal cell Imes then antibodies. 

establish, for example, by limiting dilution on a feeder u ^ ^^0^ antibodies produced by the inv 

layer. Sec, e.g., Kozbor, et al., (1983), supra, and refer- fi i ymp}locy t e D r claim 7 substantially free of 

ences 51-60 cited therein. . L other antibodies. 

Anoiher approach is to fuse cither Ihc above dc- 2J J3 ^ monoc i OTia ] aniibodies produced by the im- 

scribed and- Id Ab seereting lymphocytes or an EBV- morta l B lymphocyte of claim 8 substantially free .of 

transformed lymphocyte with a human plasmacyioma olhcr antibodies. 

or iymphablastoid fusion partner. For example, an M ^ polyclonal antibody preparation comprising 

EBV -transformed B lymphocyte secreting antHd Ab ^bod^i bearing the internal image of an epitope pre* 
can be fused with, for example, the human lymphoblas- jo ent on a solid tumor cell, wherein said aniUidiorypie 

loid cell line KR-4. The desired hybridomas would then antibodies 

be sal&cied for in hypoxantilil)*anuro^ ( a ) immimoreact through their paratopes with the 
medium containing ouabain, which eliminates the pa- paratope of a monoclonal antibody specific for said 
rental cells. Hybridomas are tested for specific antibody ^Md uj m or call epitope; and 
production. Positive hybrids are then cloned, recloned 3J ^ induce formation of anti-anti-iodiotypic antibodies 
and then propagated in bulk culture or in the peritoneal specific for said solid tumor cell epitope upon ad- 
cavity of an unmune~6upprcsscd mammal (e.g., nude ministration (o a human; 

mouse). Sec. e.g., Kozbor ct al.. (198Z) Pm Natl wherein, said polyclonal antibody preparation is 

AcatU ScL USA 19: 6651-6655 substantially free from anti-isotype antibodies and it 

The above examples were presented for illustrative produced by immunizing a mammalian host with a 

purposes only and are not intended lo limit the inven- monoclonal antibody specific for said solid tumor cell 

tion which is defined solely by the claims. epitope. 

We claim: 13. A method of stimulating production of antibodies 

1. A method of stimulating production of antibodies which bind to an epitope on a solid gastrointestinal 
which bind to an epitope on a solid tumor cell compris- 45 tumor comprising: 

ing: administering a monoclonal anti-idiotypie antibody 

adinznistering a monoclonal anti-idtotypic antibody which bears an internal image of an epitope present 

which bean an. internal image of an epitope present on a solid gactro intestinal rumor cell to a human in 

on a solid tumoi cell to a human in an amount an amount sufficient to stimulate the production of 

sufficient to stimulate the production of an anti- 50 an anti-anli-idiotypic antibodies which ln> 

anti-idiotypic antibodies which umnunareact with munoreaci with said solid gastrointestinal tumor 

said solid tumor cell epitope, cell epitope, 

wherein said monoclonal anti-idiotypie antibody im- wherein said monoclonal anrj-idratypic antibody im- 

munoreacts through its paratope with a monoclonal munoreacts through its paratope with a mannckmal 

antibody specific for smid *olid tumor cell epitope. 33 mnhbody specific for said soHd gastrointestinal tumor 

2. The method of claim 1 wherein said anti-idiotype cell epitope, 

antibody is a human antibody. 16. A method of stimulating production of antibodies 

3. The method of claim 1 wherein said anti-idiotype ' which bind to an epitope on a solid tumor cell compns- 
antibody is selected from the group consisting of mouse ing: 

and rat antibodies. « administering the polyclonal antibody preparation of 

4 An unmortahzed B lymphocyte that produces a . . claim 14 to a human in an amount sufficient to 

monoclonal anti-idiotyplc antibody which bears the stimulate the production of an ann-anti-idiotypic 

internal image of an epitope present on a solid tumor antibodies which immunoreact with said solid 

cell, wherein said anti-idiotypie antibody tumor cell epitope. < 
(a) immunoreacts with paratope of a monoclonal 65 17. The method of claim W wherein said soud tumor 

antibody specific for said solid tumor cell epitope; cell is a gastroitilestina^aimor cell 
and 
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referenced patent application; 
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TOTAL CLAIMS 
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CLAIMS 



15-26 
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MULTIPLE DEPENDENT CLAIM(S) (if not previously paid for and 
presented for the first time) * 
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